Objectives: The aim of study was to determine the pattern and management of neural tube defects (NTD). Methodology: It was a hospital based descriptive cross-sectional retrospective study on patients who consulted and/or were admitted at the Douala General hospital for neural tube defects from January 2005 to April 2015. Results: A total of forty-nine (49) patients were enrolled. Males constituted 59.8% and females 40.2% giving a sex ratio of 1.5 in favour of males. Most of the parents of the patients (71.5%) had a low socio-economic status. Myelomeningocele was the most common type (80.4%) followed by 17.4% cases of meningocele and 2.2% cases of lipomeningocele. Three cases (3) of encephaloceles were seen during this period. The commonest site of these defects was the lumbosacral region (47.8%). Other sites included lumbar (19; 41.3%), sacral (3; 6.5%) and thoracolumbar (2; 4.3%) ones. About half of the patients (24; 48.9%) presented with ruptured lesions. Hydrocephalus was also recorded in 65.3% of patients. Talipes equinovarus and talipes calcaneovalgus were the most common associated orthopedic birth defects found. Surgical closure was done for 44 (89.9%) patients. Ventriculoperitoneal shunting was done in 78.1% of those who presented with hydrocephalus. Post-operative complications were more frequent in patients with ruptured lesions (P = 0.001). The most common post-operative complications were wound infections (22; 44.9%) and wound dehiscence (20; 40.8%). Conclusion: Lumbosacral Myelomeningocele was the most common type of NTD in our region. Low socio-economic status was a common risk factor.
Introduction
Neural tube defects (NTDs) account for most congenital anomalies of the central nervous system (CNS) and result from failure of the neural tube to close spontaneously between the 3rd and 4th weeks of in utero development. [1] [2] .
The prevalence of neural tube defects varies by region, race and ethnicity. Early reports indicated a low prevalence in Africa compared with North America and Europe [3] [4] . Oyewobe et al. [5] reported an incidence of spina bifida (SB) as 0.46/1000 in Nigeria. Recently however, many reports have indicated that the hitherto-held rarity of SB in Africans may no longer be correct. In Nigeria, a high rate of 7/1000 births of NTDs was reported by Airede et al. [6] , most (45%) being myelomeningocele. Outside of Africa, the reported incidence of NTDs per 1000 births varies from 0.2 (in Japan) and 0.8 -1.4 (in the USA) to 2 -4 (in the UK) and as high as 6.5 in the Middle East [6] . The management of NTDs requires highly qualified personnel and a significant social cost [7] . Management and supervision of a child and family with a NTD require a multidisciplinary team approach, including surgeons, physicians, and therapists, with one individual (often a pediatrician) acting as the advocate and coordinator of the treatment program. The news that a newborn child has a devastating condition such as myelomeningocele causes parents to feel considerable grief and anger. Prognosis depends on the nature of the defect and ranges from excellent to poor [8] .
In Cameroon, the incidence of NTD was 1.99/1000 births in 2008 [9] . A case of tethered cord syndrome (TCS) in an adult was reported in 2014 [10] . We undertook to carry out this study with particular emphasis on the diagnostic and therapeutic aspects to improve on the management of these neural tube defects in our country.
Methodology

Site and Study Period
It was a hospital based descriptive cross-sectional and retrospective study. The patients were recruited at the neonatalogy and neurosurgical units of the Douala General Hospital (DGH), which is a health care structure at the central level of the Cameroon health system. The study period was ten years (from January 2005 to January 2015).
Inclusion Criteria
All newborns and infants seen with a neural tube defect during the study period at the Douala General hospital, and whose case files were complete.
Exclusion Criteria
All the newborns and infants seen with neural tube defects at the Douala General hospital out of our study period or those seen with incomplete files.
Data Collection
After identifying the patients from the registers (hospitalization registers and external consultation registers), their folders (case files) were retrieved from the hospital records department and examined individually by the investigator(s).
Data collection was done with the aid of structured forms (questionnaires) designed for the study. The diagnosis of NTD was based on clinical and paraclinical evaluation (as documented by doctors in the patient's case files). Patient's history, including antenatal history, history of exposure to teratogenic drugs (valproic acid, misoprostol, mycophenolate, thalidomide, warfarin, carbamzepin, topiramate, ibuprofen, and captopril) and family history of consanguinity were obtained from the folders. Further information that was obtained from these case files included; maternal age, mode of delivery and the nature and type of NTDs as well as the management (medical and surgical).
Medical Treatment
The newborn or infant with an open NTD were kept warm and the defect was covered with a sterile wet saline dressing. The patient should be positioned in the prone position to prevent pressure on the defect. Oxygen therapy was offered to patients with respiratory distress. Clean intermittent catheterization (CIC) was used in patients with urinary incontinence.
Broad spectrum antibiotics were used to prevent and or treat infections (Meningitis, septicemia, wound infection) in all patients with an open NTD.
Surgical Treatment
The goal of operative repair was to preserve the neural function and prevent infection primarily by obtaining a good skin closure over the defect.
Surgical Indications
1) The newborns or infants with an open NTD had to undergo prompt closure of the defect. The closure involved classic neurosurgical techniques.
2) Children with hydrocephalus also had a ventriculo-peritoneal shunt placed after the NTD closure.
Surgical Approach
Myelomeningocele repair techniques
The Patients were positioned in a prone manner, on the end of a reversed table, so that the surgeon and assistant may sit with adequate leg room. The body was well cushioned at any pressure points (ankles, hips, shoulder and head) with rolled towels. The lesions were cleaned with only normal saline or Ringer lactate solution, taking care to avoid agents that could damage exposed neural tissue.
In an attempt to avoid post-operative complications, the Five-layer closure technique of a MMC was used:
-Isolation and tabulation of the neural placode.
-Reflection and closure of the dural remnant.
-Reflection and closure of the lumbodorsal fascia.
-Deep subcutaneous closure (wide undermining).
-Skin closure (avoiding edges blanching).
For Visualization of the defect(s) during repair was done with the aid of an operating microscope.
Encephalocele repair techniques
The position of patient during the surgery depends on localization of encephalocele.
After having made an elliptical skin incision about the base of encephalocele, and dissecting the dural edges from the parenchyma, the remainder of tissue is then amputated carefully. A watertight dural closure is essential, using paricranium or other substitute if necessary. Subsequently, the bony defect must be closed. This most easily facilitated by using the inner table of the skull from an adjacent area. Skin closure, utilizing a subgaleal and cutaneous layer may require trimming excess skin edges for a satisfactory result.
Post-Operative Complications
Immediate post-operative complications such as wound infections, wound dehiscence, meningitis, and CSF leakage as were as long term clinical outcome were noted. Risk factors associated to NTD in our series such as maternal age, socio-economic status, and folic acid supplementation as well as clinical characteristics of the lesions are represented in Table 1 .
Seven (14.3%) mothers gave a history of ingestion of various traditional potions, alcohol and others substances such as "kaolin" during the critical period.
None of them reported ingestion of anti-epileptics throughout their pregnancy.
In addition, we found that the 3 rd birth rank was the most common rank affected (15; 30.6%). This was closely followed by the 2 nd birth rank (14; 28.6%) and the 4 th birth rank (10; 20.4%) respectively.
Maternal Hyperthermia during Pregnancy
Twelve (25%) mothers reported that they had fever during the first trimester while the rest (36; 75%) did not report any notion of fever during this critical period. The exact causes of this fever were not documented in the patients' folders though most of them were treated as malaria. 
Personal and Family History of Neural Tube Defects
One (2.04%) patient in our series had a family history of spina bifida (in her aunty).
The prenatal diagnosis of the various NTDs seen in our sample was made in only 6 (12.2%) cases, all of them during the third trimester with the aid of obstetric ultrasound.
Birth Defects Associated to the NTDs
Hydrocephalus was seen in 32(65.3%) cases. Talipesequinovarus and talipescalcaneovalgus were the most common associated orthopedic birth defects seen; congenital heart disease and bilateral undescended testes were seen in some cases, as shown in Table 2 . 
Imaging Studies
Brain CT-Scans were done in all the thirty-two (32) cases of hydrocephalus. The hydrocephalus was triventricular in 82.37% of cases, tetra ventricular in 14.42%
of cases and biventricular in 3.21% of cases.
Primary Outcome Measures of the Patients
Forty-one (83.7%) of the 49 patients in our study population were discharged after surgical repaired of their lesions. Two (4.1%) of them were discharged against medical advice while three others (6.0%) died before surgery.
Medical Approach
Out of the 41 (83.7%) patients who were discharged after surgical treatment, all of them were offered medical treatment (antibiotics, analgesic)
Surgical Approaches
Forty-four (89.8%) patients had their defects closed at birth, 25 (70%) of them within the first 48 -72 hours following admission. The 16 (39%) others were operated after the fourth day of admission. Out the 32 (65.3%) patients who had hydrocephalus, ventriculoperitoneal shunting was performed in 25 (78.1%) of cases (Table 3) . 24 (64.9%) of those treated for hydrocephalus had myelomeningocele. All these ventriculoperitoneal shunts were placed after definitive repair defects (Figure 1 ).
Evolution and Prognosis Following Treatment
Twenty-seven (55.1%) of our patients had complications following surgery, (Table 4) .
Age of the Patients
Complications seen after surgery were more frequent (15; 46.9%) in patients seen during the first week of life than in those seen during the second, third and fourth weeks of life This was statistically not significant (p value = 0.2523).
Fetal Birth Weight (FBW)
Complications after surgery were more frequent in patients with normal birth weight. This was not statistically significant.
Size of the Lesions
The occurrence of complications was directly proportionally related to the size of the lesion, although this was not statistically significant.
Type of the Lesion
Patients with myelomeningocele suffered from more complications after surgery than those with other type of lesions. This was not statistically significant.
Long Term Clinical Outcome of the Patients
Out of the 41 patients who were discharged after surgery, 16 (39.0%) of them were completely lost to follow-up a few months to years after discharge from hospital. Ten ( Kabre et al. [13] in a similar study in Dakar affirmed that "Spina bifida is the Some see the birth of the child as a punishment from God. Oyewole et al. [5] , ound that a third of their clients incriminate witchcraft as the cause of their child's predicament. Out the 49 patients enrolled, there were 29 (59.2%) males and 20 (48.8%) females with a male-to-female ratio of 1.5 in favour of males. Njamnshi KA and his collaborators in a cross-sectional retrospective study at the neonatology unit of the mother and child center-Yaounde in 2008, [9] reported a male predominance (69.57%) in their sample. These results are at variance with those obtained by Sanoussi et al. [11] , Kabre et al. [13] . They reported a female predominance of 53.74% and 51.18% respectively. Literature reports a slight female predominance. In our opinion, these differences may be due to the context since NTDs are said to vary from one region to another.
In our series, a majority of the patients (32; 65.3%) were seen during their first week of life even though none of them was seen within the first 24 hours of life. Some (7; 14.3%) were seen only during the fourth week of life. These results are similar to those obtained by Ouattara O et al. [12] . They reported that none of their patients was seen before the sixth (6 th ) hour of life. As a matter of facts, 53.3% of their patients were seen only after the first week of life. In Dakar, Kabre et al. [13] came to the conclusion that "a majority of children with NTDs are seen during their first month of life". This late first neurosurgical consultation exposes the children to several complications before and after surgery. In our opinion, it might be due to late referral, financial difficulties and sometimes folk cultural and religious beliefs that NTDs are a punishment from God.
Risk Factors of Neural Tube Defects in Our Series
Socio-Economic Status of Parents
Thirty-five (71.5%) parents of the patients were found to have a low socioeconomic status while only 4 (8.2%) had a high socio-economic status (Table 1) .
Kabre et al. [13] had established that the lesion is common among mothers of low socio-economic status. This is validated by recent studies. Poverty can predispose to deficiency in some essential vitamins [14] [15].
Folic Acid Supplementation
It is generally accepted that inadequate intake of natural folate, or its synthetic form folic acid, before and during early pregnancy is associated with increased risk of spina bifida [7] [16] [17] . Evidence is also increasing that low maternal vitamin B 12 may be associated with an increased risk of the spina lesion [14] .
None of the mothers in our series was supplemented for folic acid before pregnancy and most of them who took folic acid did not do so during the critical period. Alatise et al. [7] , reported that only 3 mothers in their series took FA before pregnancy. This might have been due to several reasons; late commencement of antenatal care consultation (most patients showed up for ANC for the first time only after the first trimester). Lack of experience, and moreover most of the time, they did not even know they were pregnant during the critical period.
Birth Ranks of the Patients
We found that the 3rd birth rank was the most common rank affected. Alatise et al. found that.
Fourth born children were affected more [7] . This was corroborated by work done by Elwood et al. [15] . This may be due to exhaustion of the folate store of the mother with repeated pregnancies. It may be necessary to consider a higher dose of multivitamin supplements in women with higher parity so as to enhance the storage of the vitamin in the body.
Maternal Age
The modal age group of the mothers was 30 -40 years (25; 51.2%) while the mean age of the mothers was 30 ± 6 years ( Table 1) . Kabre et al. [13] found that the modal age group was 26 -31 years with an average age of the mothers was 28
years. The risk of birth defects affected pregnancy increases with maternal age.
In fact, neural tube defects are said to be more frequent in parents aged below 19 years and above 40 years [18] .
Clinical Types of Neural Tube Defects
There were 46 (93.9%) cases of spina bifida and 3 (6.1%) cases of encephaloceles ( Figure 1 ). No case of anencephaly was found during this period. This rarity of anencephaly as also reported by Njamnshi KA and his collaborators in a cross-sectional retrospective study at the neonatology unit of the mother and child center-Yaounde, [9] does not necessarily reflect its true incidence since a large proportion of anencephalic babies are aborted spontaneously or die immediately after birth. Moreover, anencephalic babies born in other health care institutions may not have been referred to the Douala General Hospital for management since it is known that, this particular type of neural tube defect is incompatible with life.
The majority (37; 80.4%) of patients had myelomeningocele as the clinical type of spina bifida cystica (Table 1) . These results are similar to those obtained by Njamnshi et al. [9] who found that MMC represented 68.11% of cases. Similarly, Alatise et al. [7] in 2006 reported that myelomeningocele was the most common clinical type (86.8%). Many other authors such as Sanoussi et al. [11] , Kabre et al. [13] , Uba et al. [3] reported that MMC was the most frequent type of lesion in 63.22%, 62.22% and 79.58% of cases respectively. Literature reports indicate that myelomeningocele generally represents about 80% of spina bifida aperta. These proportions of MMC therefore reflect literature reports.
Almost a tenth (8; 17.4%) of our patients had meningocele (Table 2 ). Some authors [19] [20] reported a high prevalence of meningocele (70.1%) while Airede et al. [6] and Uba et al. [3] reported similar results to ours: 14.3% and 15.5% of meningocele respectively. Only 1 (2.2%) case of lipomeningocele was seen during this period (Table 2) . Similar results were found by Kabre et al. [13] who reported 3.79% cases of lipomeningocele.
Three cases of encephaloceles were found during this period, 2 (66.7%) of which were meningo-encephaloceles while one (33.3%) was meningocele. This was less compared to the 58 cases of encephaloceles reported by Sanoussi and his collaborators in a 10 years retrospective study at the Niamey hospital [11] . There is variability in the occurrence of Neural tube defects across regions, race and time.
Site of the Lesions
The most common site for the lesion was lumbosacral (22; 47.8%). Other sites include lumbar (19; 41.3%), sacral (3; 6.5%) and thoracolumbar (2; 4.3). None of the lesions was located in the cervical area (Table 4) . These results were similar to those obtained by Alatise and his collaborators [7] at the pediatric surgery and neurosurgical units of Obafemi Awolowo university in Nigeria, who reported that the commonest site of the lesions was lumbosacral (55.7%). Many other studies [9] [10] reported that lumbosacral MMC was the commonest clinical type of spina bifida aperta. These figures are in agreement with literature reports.
Nature of the Lesions
Another finding was that, about half of the patients (24; 52.2%) had ruptured lesions at presentation while the 22 (47; 8%) others were intact and this significantly affected post-operative complications (Table 4 ). All the babies seen with ruptured lesions were delivered per-vagina (spontaneous vagina delivery/breech) while those delivered by elective cesaerian section all had unruptured lesions.
This proportion is lower compared to findings in the work done by Ouattara and his collaborators in the pediatric surgery units of the Cocody and Youpougonuniversity hospitals were they found that 71% of patients had ruptured and ulcerated lesions at presentation [12] .
Trauma to the lesions during per-vagina delivery may have contributed to the rupture of the lesions. Moreover, most patients were referred and presented late to the specialized care units were these defects are managed. So, the thin fragile membrane covering the neural placode ruptures before the patients' admission.
Associated Neurological Deficits
Various degrees of neurological deficits were seen in patients with myelomeningocele depending on the level of the lesion (Table 2) . 30 (61.2%) patients in our series had features suggestive of urinary and fecal incontinence at presentation, while 32 (65.3%) of them had lower limb motor and sensory deficits. Kumar R et al. and Alatise et al. [7] , had reported similar results. These sphincteric dysfunctions were more frequent in patients with myelomeningocele.
Alatise and his collaborators [7] found that 89 (83.9%) out of 106 patients presented with motor/sensory lower limb deficits. The proportions reported by Alatise et al. [7] , are logically greater than ours because there were more cases of myelomeningoceles in their series. These associated neurological anomalies are largely influenced by the spinal level of the lesion.
Hydrocephalus which was present in 32 (65.3%) of cases was clinically obvious before surgery in most of our patients. This number is high compared to the 40.02% cases of Hydrocephalus reported by Njamnshi and his collaborators [9] but similar to the 68.3% cases of hydrocephalus reported by the Uba and his collaborators [3] . This difference may be explained by the fact that most of our patients presented late and already had clinically obvious signs of hydrocephalus, while in the other studies mentioned above, the patients presented much earliar and had their defects closed. They may have started developing clinically obvious signs of hydrocephalus only after discharge.
Talipesequinovarus and calcaneovalgus were the most common associated orthopedic birth defects seen (21 cases); congenital heart disease and bilateral undescended testes (3 cases and 2 cases respectively) were seen during this period. Alatise et al. [7] reported similar results in 2006. However, these associated anomalies are not considered to form part of the syndrome of neural tube defect [21] [22].
Therapeutic Aspects
Forty-four (89.8%) patients had their defects surgically repaired at birth. Out the 32 (65.3%) patients who had hydrocephalus, ventriculo-peritoneal shunts were placed in 25 (78.1%) patients ( This delay in the surgical management of these defects could be due to the inability of most of the parents to meet up with the financial demands necessary for the operations, giving their low socio-economic status. None of the patients in our series benefited from modern treatment (ventriculocisternotomy). Patients seen with associated hydrocephalus had to first undergo simple surgical closure of their lesions with the aid of an operating microscope before benefiting from a ventriculo-peritoneal shunting of their hydrocephalus at a later date.
Postoperative Clinical Outcome
Immediate Postoperative Complications
The commonest complication before surgery was cerebro-spinal fluid leakage (22; 47.8%). This was closely followed by meningitis/sepsis and death before surgery (3; 6.1%). The presence of these pre-operative complications severely delayed the surgical repair of some patients' defects.
The most frequent post-operative immediate complications were wound infections (22; 48.9%) and wound dehiscence (20; 40.8%). Post-operative complications were significantly more common in patients with ruptured lesions (Table 4) . These results were corroborated by work done by Alatise et al. [7] , Airede et al. [6] and Shehu et al. [20] .
All these authors reported that immediate post-operative complications dominated by wound infections and wound dehiscence were significantly more common in patients who presented with ruptured lesions. This is due to the fact that most of these patients already had signs of infections before admission. In addition, most patients with infections of the sac died of septicemia and meningitis.
Another finding noted in this study is the overall mortality rate of 12.2% (6 patients). Njamnshi et al. [9] reported a mortality rate of 11.59% (8 patients), while Alatise et al. [7] reported an overall mortality rate of 22.4% (24 patients).
Most of the patients in our series were referred from peripheral health facilities where supervised delivery cannot be guaranteed. More-over, some of the babies were delivered in mission houses and some at home. Most of the pregnancies and deliveries were not supervised; hence, many of the patients had infections at presentation. In addition, many presented late because of ignorance and lack of funds. These additional factors are related to the low socio-economic status of the parents. All these may be responsible for the high mortality.
Short Term Clinical Outcome
A few months after surgery, 16 (39.0%) were lost to follow-up. Only 15 (36.6%) could be account for while the 10 (24.4%) others were reported to have died.
This situation was equally reported by Kabre et al. [13] in Senegal and Sanoussi et al. [11] in Niger where 45.67% and 66.49% of the patients operated respectively were lost to follow up after surgery. This makes it difficult for us to appreciate the long term prognosis of our patients. Financial constraints and to some extent folk religious and cultural believes were responsible for such observations. Some of the Patients unaccounted for might have died thus increasing the overall mortality.
Prevention of Neural Tube Defects
Apart from socio-cultural factors such as early motherhood, consanguineous marriage and low socio-economic status, we can also mention teratogenic drugs that should not be used during pregnancy. Gestational diabetes is also a risk factor has proved [16] [17] [18] [27] . Prenatal management of NTD in Cameroon is limited to diagnostic obstetrical ultrasounds.
Conclusions
Neural tube defects (NTDs) are a serious disabling but preventable congenital malformation, with an annual frequency of 4.9 cases/year at the DGH. There was a male predominance (59.2%) in our sample. A majority of our patients (71.5%) were born of parents with a low socio-economic status.
Lumbo-sacral MMC was the most frequent (80.4%) clinical type of the lesions.
Lower limbs paralysis and paresis (61.2%) as well as bi-sphincteric dysfunctions (65.3%) were equally very common especially in patients with lumbar and lumbo-sacral MMC. About half of the patients (52.2%) presented with ruptured lesions and this significantly affected post-operative complications. Hydrocephalus was seen in 32 (65.3%) cases. Talipesequinovarus and talipescalcaneovalgus were the most common associated orthopedic birth defects seen.
Prenatal management and outcome at birth in our series were limited by poverty and folk cultural and religious beliefs. The treatment of other associated birth defects notably orthopedic defects and urinary incontinence is poorly developed in our milieu.
The overall mortality rate was relatively high in our series (12.3%). Late referral, financial constraints and the presence of complications before surgery significantly contributed to this high.
Recommendations
In the light of the above mentioned results, we formulate the following recommendations:
1. Educate the public on the risk factors of NTDs.
2. Subsidize and encourage the systematic supplementation of women of child bearing ages with folic acid during the periconception period.
3. Envisage adopting mandatory fortification of flour and other food stuff with folic acid as recommended by the World Health Organization. 4 . Reduce the cost of treatment of NTDs in this reference hospital so that every child born with a NTD could be offered adequate treatment.
5. Involve other specialists (Urologists, pediatricians, physicians, physiotherapists) in the management of children born with NTDs. 6. Ensure early referral of babies born with NTDs in aseptic and non-traumatic conditions to specialized health centers for proper and timely management. 7. Advise women trying to conceive to take a dose of 400 μg folic acid daily, starting two months before the planned pregnancy and to continue until they are 12 weeks pregnant. 8. Counsel pregnant women who have previously had a baby with NTD or who have diabetes or who are under anticonvulsant treatment about the increased risk of a future baby being affected and advise them to take 5 mg folic acid daily and increase their food intake of folate.
9. We strongly recommend prospective studies on this malformation with a close fellow up of patients.
